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	 Abstract: Background: Staphylococcus aureus is a human pathogen causing nosocomial infections 
and increased hospitalization and mortality among human communities. Methicillin-resistant S. aureus 
strains are considered a severe threat in nosocomial infections and cause complications in the remedy 
process of bacterial infections. In this study, 137 samples were collected from different departments, 
staff, and patients in Ilam hospital.  

Methods: Eighty-eight samples of these strains were examined to test antibiotic resistance and diffu-
sion. MIC (minimum inhibitory concentration) and PCR (polymerase chain reaction) were performed 
on the samples resistant to oxacillin. 36 (40.9%) strains were MRSA, and 52 (59.1%) isolates were 
MSSA. 44.4% of MRSA strains with IV SCCmec type.  

Results: Fourteen different spa types were found using spa typing, of which the most abundant types 
were t037, t030, and t701, and three new types, including t15471, t15474, and t17470, were identified 
among the strains. The molecular analysis by MLST showed that the strains are classified into 11 dif-
ferent sequence types. Sequence type 239 and clonal complexes of 329 and 22 were dominant. ST239-
spat037-SCCmec III was also identified as the most frequent clone of MRSA. The most identified 
clones were MRSA ST239-spa t037-SCCmec III.  

Conclusion: The results show the spa-type distribution between samples of patients, personnel, and 
surfaces, demonstrating MRSA circulation between patients and the environment. The results show the 
need to control environmental health. 
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1. INTRODUCTION 

 Staphylococcus aureus is a human pathogen causing 
nosocomial infections and increased hospitalization and 
mortality among human communities [1]. Although S. aure-
us is naturally sensitive to almost all antibiotics, it achieves 
resistance to antibiotics often due to horizontal gene transfer 
from external sources. However, chromosomal mutations 
and types of antibiotics are also involved in this process [2]. 
Methicillin-resistant S. aureus MRSA (Methicillin-Resistant 
S. aureus: MRSA) is considered a severe threat for noso-
comial infections and develops problems in remedying bac-
terial infections. MRSA strains were reported in European 
hospitals only one year after introducing methicillin in 1961 
[3, 4]. Now, these strains have spread all over the world.  
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The prevalence of MRSA strains in Asian countries such as 
China, Korea, and Taiwan is more than 70%; in North 
America, it is more than 50%; in Europe is 20%, and it is 
about 50% in Iran [5, 6]. According to reports, patients with 
MRSA infection are hospitalized longer than those infected 
with (Methicillin MSSA Sensitive S. aureus); therefore, in 
addition to the higher cost of treatment, the development of 
bacteremia or endocarditis happens more often [7]. Infection 
complications, such as renal failure among patients infected 
with MRSA, are more than among patients infected with 
MSSA [8]. 
 Furthermore, even mortality levels among MRSA pa-
tients are significantly more than patients with MSSA [9]. 
Methicillin resistance in this bacterium and its association 
with beta-lactam antibiotics is developed through a chromo-
somal sequence named Staphylococcal Cassette Chromo-
some mec (SCCmec), which carries the gene encoding peni-
cillin-alternative protein, which binds to PBP2a with lower 
affinity. PBPs are highly regulated beta-lactam resistance 
genes, and the mecA gene expression is controlled by the 
induction system-inhibitor mecR1-mecI [10]. Exposure to 
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oxacillin leads to gene expression (AGR) suppression 
through pleiotropic effects due to the activation of PBP2a 
and mecA gene expression [11, 12]. Currently, there are four 
popular methods for typing MRSA strains based on the 
characteristics of SCCmec. Oliveira and De Lencastre's 
methods using a multiplex method have identified SCCmec 
type I-IV types [13]. In this method, the mecA gene and six 
different loci on the SCCmec gene are detected, and ccr 
genes have been developed based on amplification by PCR 
[14]. However, using different methods may result in differ-
ent results for MRSA strains with a specific SCCmec type. 
Using the method of Zhang and colleagues, the types of 
SCCmec type I-V are identified through the multiplex 
method. This method identifies mecA and a locus on SCC-
mec [15]. In the Chongtrakoo et al. method, a new classifi-
cation for naming SCCmec has been presented based on the 
characteristics of the ccr genes (which are shown as a num-
ber) and mecA complex (that is shown as a word) [16]. 
Considering the high potential of MRSA strains for acquir-
ing antibiotic resistance, as well as spreading and dispersing 
them in different parts of the hospital, and to improve our 
knowledge about the control of the source of S. aureus's 
nosocomial infections, this study, the rates of dispersion and 
reversal of S. aureus strains were studied in different parts 
of Mostafa Khomeini Hospital in Ilam. 

2. MATERIALS AND METHODS 

2.1. Sampling 

 The study used descriptive cross-sectional sampling 
from the air, surfaces, personnel, and patients in seven steps 
fortnightly in the morning of the working shift from 10 dif-
ferent units of Mostafa Khomeini Hospital. Samples were 
withdrawn from surfaces, units, and the anterior nasal area 
of personnel by sterile swab, impregnated with the BHI me-
dia. All staff sampling stages were performed with informed 
consent and under the supervision of the Ilam University of 
Medical Sciences ethics committee. Air sampling was con-
ducted using an Anderson pump and was done from surfac-
es at peak hours (9 am to 11 am), and samples of patients 
were received from the laboratory of the hospice but were 
again examined in the microbiology laboratory at the Medi-
cal Sciences University, Ilam. Here, samples of S. aureus 
were confirmed for phenotype and genotype and then se-
quenced using spa typing and MLST typing methods.  

2.2. Sampling of Personnel 

 Simultaneous samples from different hospital units and 
samples from personnel's noses were taken (Sampling from 
the nose including nasal swab 2-3 cm dipping and turning it) 
and hands (among the fingers and under nails) using sterile 
swabs dipped in broth BHI media. The staff was volunteers, 
and the infection control authority completed a question-
naire for all participants that included age, gender, job cate-
gory, and work experience before sampling. Swabs were 
placed in 5ml BHI media for growth and, after 48 hours of 
incubation, were streaked on nutrient agar media (four are-
as) and were incubated for 18- 24 hours. Gram staining, 
catalase, and coagulase were used to identify S. aureus [17]. 
Samples were cultured in Mannitol salt agar, and sensitivity 
to novobiocin disc and tube coagulase DNase test was also 

performed for final confirmation. The forward PCR primers 
of TTCAAAAAGGGGACGAATCA and reverse of 
ACCGTTTCTGGCGTATCAAC for nucA genes designed 
in GenScript site spa (www.spaserver.redom.de) as well as 
for final approval of encoded femA and mecA genes by the 
strains of S. aureus and MRSA was performed [14]. 

2.3. Sampling of Air 

 Equipment used in this phase includes an Anderson 
portable sampling pump, a model book made in Germany, 
and a Teflon filter Helder with a diameter of 47 mm. The 
culture media used included Tryptic Soy agar and mannitol 
salt agar medium. To prevent the growth of fungi on culture 
media (100 ml) of antibiotic cycloheximide of concentration 
(5 mg) was also added. Before sampling, all equipment was 
washed in disinfectant solution (70% alcohol) and then 
rinsed for 20 minutes in the autoclave at the standard tem-
perature and pressure [18]. Then all equipment was trans-
ported to the hospital within sterile packages. In each hospi-
tal unit, a series of samples were prepared, and samples 
were taken. An inflow rate of 28.3 litres per minute was 
used to determine airflow passes through the filter and sam-
pling time after pre-trial and considering bioaerosols' rec-
ommendations of the American Conference of Governmen-
tal Industrial Hygienists (ACGIH) [19]. A sampling time of 
15 minutes was used for all units, except ICU, CCU, NICU, 
and operating room units, for which 20 minutes was used. A 
sampling Pump was placed in the various units or near the 
patient's bed at the height of one meter from the ground for 
sampling. During the sampling, each plate was labelled 
(Code for sample, hospital name, the name of the unit, the 
sampling unit). After the sampling, the media were trans-
ferred to the medical school and placed at a temperature of 
37°C. After 48 hours, the total number of bacteria was 
counted in the Tryptic soy agar and mannitol salt agar 
plates. The number of colonies grown on media was report-
ed in the number of colonies counted per cubic meter of air 
to evaluate the total number of bacteria. After determining 
the number of bacterial colonies, the density was reported as 
CFU / m3. The volume of air sampled was obtained using 
the following equation. Q = V/T [20]. 
 In this regard, the Q index represents the entry flow rate 
in litres per minute, V shows the obtained air volume in 
litres, and T represents the time required for sampling. After 
calculating the standard sampling volume and the number of 
colonies, the concentration of bioaerosols in 1m3 of air was 
calculated through a simple proportion and reported in 
CFU/m3. For a bacteriological survey, colonies grown on 
mannitol salt agar were examined in terms of the shape and 
colour of the colony. In order to evaluate the microscopic 
shape of bacteria, a smear was taken from each sample to 
provide warm slides and finally were used in the study after 
confirming the phenotypic and genotypic testing. 

2.4. Sampling from the Surfaces 

 Surfaces were obtained using a sterile swab dipped in BHI 
broth medium and sterile swabs soaked in saline. The swab 
dipped in BHI medium broth was wiped over an area of 5 × 5 
cm2 and then placed into 5ml BHI medium. After 48 hours of 
incubation for growth, it was incubated for 18- 24 hours on 
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nutrient agar medium and mannitol salt agar as streaking (4 
areas) and then incubated for 48-24 hours. After the growth of 
bacteria on nutrient media and mannitol salt agar plates, the 
number of colonies in both plates was counted, and the num-
ber of colonies per square meter (CFU / cm2) was reported. 
Then S. aureus colonies were isolated after the phenotypic 
and genotypic confirmation was used. The surfaces for sam-
pling included Ventilator, Bed, PlayStation, phone, keyboard, 
refrigerator, monitoring, floor, trolley, covers cases, Incuba-
tors, electric shock instrument, infusions, sinks, medicine 
cabinet, and suction device. 

2.5. Sampling from the Patients 

 Samples were initially analyzed at the hospital laborato-
ry before being studied for S. aureus in the University of 
Medical Sciences microbiology laboratory. Finally, the 
samples were used after confirming the S. aureus strain and 
the presence of spa, nucA, and femA genes and strains of 
MRSA with the mecA gene.  

2.6. Statistical Investigation 

 Statistical analyzes were carried out using the software 
spss20. The Chi-square test and the correlations of the re-
sults were calculated. 

2.7. Antibiotic Vulnerability Testing 

 The disk diffusion method was performed according to 
CLSI guidelines. Antibiotics such as gentamicin (GM), line-
zolid (LZD), doxycycline (DOX), minocycline (MN), 
ciprofloxacin (CIP), rifampin (RIF), Synercid (SYN), sul-
famethoxazole-trimethoprim (SXT) and cefoxitin (FOX, 
CX). Inducible clindamycin resistance was evaluated by 
placing clindamycin and erythromycin at a distance of mm 
20 -12 from each other. The agar dilution technique defined 
vancomycin antibiotics' minimum inhibitory concentration 
(MIC) and oxacillin [21]. 

2.8. Molecular Typing 

2.8.1. SCCmec Typing 

 Methicillin resistance is caused by the expression of the 
mecA gene, present in the staphylococcal cassette chromo-
some (SCCmec). For this purpose, the SCCmec method was 
used to identify methicillin-resistant strains. Briefly, a vol-
ume of 25 microliters containing 12.5 microliters of master 
mix (Amplicon, Denmark), 20 µl of each primer and five 
microliters of template DNA were used. Process in a ther-
mal cycler (BioRad, T100, USA) using conditions: 1 cycle 
of 94°C for 4 min, followed by 35 cycles of denaturation at 
94°C for 45 s, annealing at 60°C (SCCmec types I, II, III 
and V) for 45 s, extension at 72 °C for 1 min with a final 
extension at 72 °C for 10 min. PCR products were run on a 
2% agarose gel, stained with SYBR DNA safe dye, and then 
visualized using the gel under UV light Documentation Sys-
tem (Basic Sciences, Taiwan). 
2.8.2. Spa Typing 

 Protein A is a 49 kDa surface protein originally found in 
the cell wall of the bacteria S. aureus. The spa gene encodes 
it, and its regulation is controlled by DNA topology. For this 

purpose, PCR was conducted for the x polymorphic region 
of A methicillin-resistant protein of S. aureus using forward 
and reverse primers, which were described previously 
(www.spaserver.redom.de) to spa Typing. In addition, the 
double-stranded gene sequenced PCR products of the spa 
gene. Finally, the type and sequence of repetitive sequences 
as a result of the comparison of available sequences with 
spa server repeats (www.spaserver.redom.de) and spa typ-
ing of each isolate were determined. 
2.8.3. MLST Typing 

 Multilocus sequence typing (MLST) is used to sequence 
DNA fragments and characterize bacterial species isolates 
(typically about 500 bp) from seven housekeeping genes. 
The sequences of these genes are compared with the known 
alleles at each location through the MLST website 
(http://www.mlst.net), the results obtained from each isolate 
are checked with a seven-allele profile, and finally, a type of 
sequence (ST) defines. For this purpose, 36 MRSA isolates 
were selected for MLST typing. To study the genetic varia-
tions in the alleles of seven housekeeping genes of MRSA 
strains by MLST, Enright, and colleagues in 
http://saureus.mlst.net site was used [22]. 

3. RESULTS 

 In total, 137 strains of S. aureus were isolated from vari-
ous units of the hospital, including 76 (55.48%) from sur-
faces (65 isolates by BHI and 11 strains of normal saline), 
32 (36.23%) from staff, 19 (86.13%) from the air, and 10 
(30.7%) from patients. 

3.1. The Results of the Evaluation of Hospital Staff in 
Terms of the S. aureus Carriage 

 Our results showed that 32 subjects (23.36%) were car-
riers of S. aureus. Among these, 24 cases (75%) were carri-
ers of S. aureus in the nose 8 (25%) of subjects carried S. 
aureus on their hands. 
 Based on the occupational group, subjects included 23 
nurses (71.9%), five health workers (15.6%), and four ser-
vice staff (12.5%) (P<0.34). Personnel with work experi-
ence of more than ten years had the highest carrier rates (P 
<0.56). The most significant carriers were related to the 
CCU (7 persons, 12.9%), where emergency and operating 
room staff with the high similarity (15.6%) had the most 
significant number.  

3.2. Screening the Staff's Transporters of S. aureus in 
the Nose 

 Twenty-one staff transporters of S. aureus in the nose 
were introduced to infectious units for antibiotic treatment. 
Nine cases were treated using mupirocin ointment, and after 
this time, they were again sampled using the swab from the 
nose of staff, from which S. aureus was not isolated on re-
examination. 

3.3. The Results of the S. aureus Strains were Isolated 
from Clinical Specimens of Patients 

 Ten strains of S. aureus were obtained from clinical in-
stances of patients admitted to the hospital at the time of 
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sampling. The prevalence of S. aureus in clinical samples of 
blood (60%), urine (20%), ulcers (10%), and chips (10%) 
were reported. 

3.4. Results of the Relative Abundance of Colony Count 
of Bacteria Isolated from Surfaces 

 76.91 CFU / cm2 of bacteria from various hospital sur-
faces were isolated, from which 11 strains of S. aureus were 
used. The highest bacteria counts were isolated from a 
wheelchair patient (13.6CFU / cm2) and the floor (13/22 
CFU / cm2).  

3.5. Results of Studying the S. aureus Strains Isolated 
from the Surfaces 

 A total of 330 samples were isolated from surfaces using 
a swab dipped in BHI medium, from which 65 strains of S. 
aureus were obtained. The highest S. aureus count was ob-
tained from the surfaces of CCU (16.92) and the women's 
health unit (13.84%), and the lowest count was obtained 
from the post-CCU unit for men and women.  

3.6. Results of Counting the Total Average of Colony 
Counting and Bacteria in Air Samples 

 From 8 sampling stages from the air, 1572 colonies were 
isolated. Nineteen colonies were confirmed to contain S. 
aureus. The total average of bacteria counts in different 
units showed that the women's health unit (119.6 CFU/m3) 
had the highest, and ICU had the lowest (28.9 CFU/m2). 
November, the highest bacteria counts were also achieved 
(33.82CFU/m2). The average specific enumeration of S. 
aureus based on CFU/m3 showed that the women's health 
unit (21.05%) and emergency unit (15.78%) had the highest 
number of S. aureus. 

3.7. Results of S. aureus Antimicrobial Susceptibility 
Using Disk Diffusion Method 

 Unfortunately, for unpredictable reasons, from 137 iso-
lated strains of S. aureus, only 88 remained for future stud-
ies, and the rest were destroyed. Meanwhile, 36 (40.9%) 
strains were resistant to cefoxitin, and 52 (59.1%) isolates 
were susceptible to cefoxitin. The lowest antibiotic re-
sistance is also related to gynaecological surgery and post 
CCU in men. Table 1 shows the results of antibiotic re-
sistance in isolates of methicillin-resistant S. aureus and 
cefoxitin disk, the strain isolated from the CCU and NICU.  
 In total, the highest number of MSSAs isolated were 
related to the sample from female staff, surface samples 
(bed), and air samples 10 (11.4%), 8 (9.1%), and 7 (8%), 
respectively. The highest number of MRSA isolates was 
related to the female staff, which were isolated from air and 
surface samples with the numbers of 10(11.4%), 8(9.1%), 
and 7(8%), respectively. The results of the sensitivity of the 
isolated strains of S. aureus are shown separately in Table 2. 
Among the selected isolates of S. aureus, 39 strains 
(44.32%) were sensitive to clindamycin, and 27 were eryth-
romycin-resistant. Nine of the 22 strains susceptible to 
clindamycin and erythromycin resistance had a D-induced 
phenotype. According to Table 3. The highest number of 
strains susceptible to clindamycin was MSSA (51.92%, 
27.52). In contrast, the highest number of strains resistant to 
erythromycin was related to the MRSA strains, with a fre-
quency of (83.33%, 30.36).  
 Based on the minimum inhibitory concentration (MIC) 
results, none of the isolated Staphylococcus aureus strains 
was resistant to vancomycin. 27.3% of S. aureus strain had a 
MIC of 16-8 µg, 11.4% had a MIC of 64-32 µg and 5.7% 
and MIC of > 64µg to oxacillin.  

 
Table 1. Relative frequency of antibiotic resistance in methicillin sensitive and resistant strains isolated 88 Mostafa Khomeini 

hospital. 

Antibiotics Resistance Moderate Sensitive 
Total 

n =88 

Cefoxitin 36 (%40.9) 0(%0) 52(%59.1) 

88 (%100) 

Doxycycline 16(%18.2) 13(%14.8) 59(%67) 

Clindamycin 25(%28.4) 6(%6.8) 57(%64.8) 

Erythromycin 47(%53.4) 2(%2.3) 39(%44.3) 

Gentamicin 40(%45.50) 6(%6.8) 42(%47.7) 

Synercid 1(%1.1) 1(%1.1) 86(%97.8) 

Linezolid 4(%4.5) 0(%0) 84(%95.5) 

Minocycline 6(%6.8) 8(%9.1) 74(%84.1) 

Ciprofloxacin 12(%13.6) 8(%9.1) 68(%77.3) 

Trimethoprim-
sulfamethoxazole 

17(%19.3) 0(%0) 71(%80.7) 

Rifampin 13(%14.8) 0(%0) 75(%85.2) 
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Table 2. Results of frequency of sensitivity to methicillin in isolated strains of S. aureus. 

Sample Type MRSA MSSA Total 

Female Personnel 
Personnel 

0(0%) 10(11.4%) 10(11.4%) 

Male personnel 4(4.5%) 6(6.8%) 10(11.4%) 

Case cover 

Surfaces 

1(1.1%) 3(3.4%) 4(4.5%) 

Computer 1(1.1%) 1(1.1%) 2(2.3%) 

Icebox 3(3.4%) 2(2.3%) 5(5.7%) 

Trolley 2(2.3%) 0(0.0%) 2(2.3%) 

Electroshock 0(0.0%) 1(1.1%) 1(1.1%) 

Bed 3(3.4%) 8(9.1%) 11(12.5%) 

Floor 1(1.1%) 1(1.1%) 2(2.3%) 

Station 5(5.7%) 4(4.5%) 9(10.2%) 

Sink 1(1.1%) 0(0.0%) 1(1.1%) 

Ventilator 1(1.1%) 0(0.0%) 1(1.1%) 

Monitoring 1(1.1%) 0(0.0%) 1(1.1%) 

Phone 1(1.1%) 2(2.3%) 3(3.4%) 

Medicine cabinet 2(2.3%) 1(1.1%) 3(3.4%) 

Incubator 1(1.1%) 0(0.0%) 1(1.1%) 

Personnel mobile 1(1.1%) 0(0.0%) 1(1.1%) 

Aspirator 2(2.3%) 0(0.0%) 2(2.3%) 

Urine sample 

Patient 

0(0.0%) 1(1.1%) 1(1.1%) 

Wound culture sample 0(0.0%) 1(1.1%) 1(1.1%) 

Chip sample 0(0.0%) 1(1.1%) 1(1.1%) 

Blood sample 1(1.1%) 3(3.4%) 4(4.5%) 

Air Air 5(5.7%) 7(8%) 12(13.6%) 

Total 36(40.9%) 52(59.1%) 88(100%) 

 
Table 3. Induced resistance phenotype in susceptible and methicillin-resistant strains isolated. 

Strain 

Phenotype 

MRSA 

n=36 

MSSA 

n=52 

Total 

Clindamycin (Sensitive),  
Erythromycin (sensitive) 

Clindamycin (Resistant),  
Erythromycin (Resistant) 

12 
(%33.33) 

18 
(%50) 

27 
(51.92) 

9 
(17.30) 

39 
(%44.32) 

27 
(%30.68) 

Clindamycin (Sensitive),  
Erythromycin (Resistant) 

Clindamycin (Sensitive),  
Erythromycin (Resistant) 

4 
(%11.11) 

8 
(%22.22) 

9 
(17.30) 

1 
(1.2) 

13 
(%14.77) 

9 
(%10.23) 
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Table 4. The results of molecular typing (SCCmec Typing). 

Ward 
SCCmec 

Total 
I II III IV V 

Post CCU Men 0 0 0 3 0 3 

Men 0 0 1 2 0 3 

Women 0 0 2 0 1 3 

ICU 0 1 2 1 0 4 

CCU 2 2 2 5 0 11 

NICU 1 1 0 3 0 5 

OR 0 2 0 0 0 2 

ER 0 0 1 0 0 1 

Women Surgery 0 0 2 2 0 4 

Total 3 6 10 16 1 36 
 
3.7.1. PCR Results 

 In the PCR test on 36 strains resistant to hard Cefotaxime, 
the mecA gene was identified in all isolates. The strains iso-
lated from the surfaces had this gene's highest (72.2%) fre-
quency. In contrast, strains isolated from the patients (2.78%) 
had the lowest frequency of the mecA gene. Among the stud-
ied units, CCU and NICU, with frequencies of 31% and 14%, 
had the highest frequency of the mecA gene, respectively. 
The post CCU of women did not have this gene (P ˃ 0.673). 

3.8. The Results of Molecular Typing (SCCmec Typing) 

 From 36 strains of MRSA, 16 cases (44.4%) had IV 
SCCmec type strain, ten strains (27.8%) had SCCmec type 
III, six strains (16.67%) were II SCCmec type, three strains 
(8.33%) were SCCmec type I, and one race (2.78%) was V 
SCCmec type, among which typing of SCCmec type IV 
(44%) was more common (Table 4 shows the relative fre-
quency of SCCmec type frequency among the different 
samples). 36.11 % of MRSA belonging to SCCmec type IV 
were resistant to erythromycin and gentamycin. Also, 
22.22% of MRSA belonging to SCCmec type III were re-
sistant to clindamycin and trimethoprim-sulfamethoxazole.  
 In contrast, the other type was sensitive to all antibiotics. 

3.9. The Results of Molecular Typing (spa Typing) of S. 
aureus Strains 

 Investigation of the variable section of gene encoding 
protein A, 14 spa typing of 36 separates of S. aureus re-
sistant to methicillin (MRSA) showed that 72.2% of sam-
ples were isolated from the surfaces and 13.9% of samples 
were isolated from air, and 11.2% were isolated from staff. 
037 t 19.4% was the most prevalent, followed by 030t 
(16.7%), and 701t (11.1%) were the most frequent types. 
Additionally, three new types, 15471t, 15474t, and 17470t, 
were also identified among the strains recorded and named 
Iran in the http://spaserver2.ridom.de server. 30.6% of the 
identified types were related to the CCU, 50% of types were 
associated with 030t, and most isolated types were obtained 
from the station surface (13.9%) and the samples of males 
(11.1%) (Table 5). t030, most isolated from the hand and 
nose of the staff, was identified among multi-drug resistance 

MRSA. t701 was isolated from the surfaces and air, but the 
isolates typed t037 were found only on the surface samples. 
Meanwhile, the spa type t030 and t701 had the highest IV 
SCCmec type, but spa type t037, related to SCCmec type 
III, was the most frequent isolated type. New spa types of 
t15471 and t15474 were related to IV SCCmec type, and the 
new spa type of t17470 was associated with SCCmec type 
II, while the only train with V SCCmec type belonged to 
t078 spa type. 
 Among the strains of MRSA, 11 different sequence 
types were found. ST type 239 (10.36, 27.8%) and ST22 
(19.44%) and ST6 and ST30, each with 11.11%, were the 
most detected type sequences. Spa type 037 with the ST239 
and t030 with sequence types 239, 291, 246, 701t with ST6 
and three new types 15471, 15474, and 17470 were associ-
ated with the ST22. Among the 36 strains of MRSA, 27 
isolates (75%) belong to clonal complex 329, and 9 strains 
(25%) were related to clonal complex 22, respectively. 
Types t037, t030, and t701 were related to complex clonal 
329CC, and three of the new types of t15471, t15474 and 
t17470 were related to complex clonal CC22, respectively 
that 12 strains of clonal complex 329 were related to IV 
SCCmec type (12.72, 44/44%) (Table 5). 

4. DISCUSSION 

 Methicillin-resistant S. aureus has been introduced as a 
primary hospice pathogen and is expanding in various human 
societies. However, it is not clear whether the strains of a unit 
of the hospital are related to other units and whether the sub-
species having these genes share these resistance genes with 
other species or not. Most strains of methicillin-resistant S. 
aureus have one of three resistance cassettes (SCCmec) in 
their chromosomes [23]. In this study, 32 patients (23.36%) of 
the total staff (120) carried S. aureus in the nose (n = 24, 
75%) and hands (n = 8, 25%), which compared to a similar 
survey in Iran in 2011 with 19.2% and 15.9% carrying S. au-
reus in nose and hands [24]. Although nurses (71.9%) and 
service staff (12.5%) had the highest and the lowest rate of S. 
aureus in their nose, similar to previous studies, no relation-
ship was found between the job and the amount of S. aureus. 
The personnel in the CCU had the highest frequency of S. 
aureus on their hands (9.4%) and in the nose (21.9%). 
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Table 5. Clinical and molecular analysis of MRSA isolated from different origins and ward of the hospital. 

No Sample Ward SCCmec spa ST CC 

1 Refrigerator Men III t037 239 239 

2 Staff=Men CCU IV t030 291 239 

3 Ventilator CCU IV t030 291 239 

4 Staff=Men Post CCU Men IV t15474 22 22 

5 Staff=Men CCU II t1414 30 239 

6 Staff=Men CCU IV t030 239 239 

7 Monitor CCU I t325 859 239 

8 Medicine cabinet NICU IV t030 239 239 

9 Bed Women Surgery IV t15471 22 22 

10 Station NICU I t275 30 239 

11 Station CCU IV t15471 22 22 

12 Mobile staff Women Surgery IV t790 22 22 

13 Air CCU I t275 30 239 

14 Air CCU II t325 867 22 

15 Patient=BC ICU II t325 867 22 

16 Aspirators CCU IV t701 6 239 

17 Station OR II t1358 889 239 

18 IPhone ICU III t037 239 239 

19 Bed Women III t037 239 239 

20 Refrigerator Women III t037 239 239 

21 Computer Women Surgery III t037 239 239 

22 Refrigerator Men IV t12498 1465 239 

23 Station NICU IV t12498 1465 239 

24 Medicine cabinet OR II t1358 859 239 

25 Air NICU II t15470 22 22 

26 Air Post CCU Men IV t701 6 239 

27 Cover records ICU IV t030 246 239 

28 Floor Women Surgery III t037 239 239 

29 Trolley Men IV t701 6 239 

30 Trolley CCU III t 275 30 239 

31 Incubator NICU IV t030 239 239 

32 Sink ICU III t037 239 239 

33 Aspirators ER III t 14870 22 22 

34 Air Post CCU Men IV t701 6 239 

35 Station Women V t 078 26 239 

36 Bed CCU III t 14870 22 22 
 
 In contrast, bacteria were not detected on the hands of 
ICU and NICU staff and in the nose of the post CCU unit of 
Women. The differences in the frequency of the carriers of S. 
aureus in our study compared to other studies could be due to 
the number of samples, place of sampling, and the health con-
trol personnel in various studies [25]. Due to the type of pa-
tients admitted to the CCU and the presence of carriers as a 
potential reservoir of infection, studying the prevalence of 
carriers and using straightforward methods, such as frequent 

washing of hands with soap or antiseptic ointment mupirocin 
nasal 2% or antibiotic treatment to eradicate the carriers can 
help for eradication [26]. This study treated staff infected in 
different hospital units with mupirocin ointment. After re-
sampling from the nose, no S. aureus was isolated, which can 
prove this. A comparison of our results with a survey con-
ducted in 2012 in Iran was close, showing that (91.1%) of S. 
aureus was sensitive to linezolid and Synercid. However, in 
the same study between 2008 and 2012 in other hospitals in 
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Iran, linezolid susceptibility percent was calculated as 
(100%), which was higher than our results [27, 28]. 
 Disc diffusion usually shows false-negative results in tests 
in different antibiotic resistance methods and mainly reports 
its sensitivity more than the heterogeneous low-resistance 
strains [29, 30]. The results indicate that the widely performed 
disk diffusion test or antibiogram in diagnostic laboratories 
can also cause false-positive results. The amount of inoculum, 
medium diameter, and used discs can all affect the results. 
Agar disk diffusion screening test and cefoxitin and Moxalac-
tam discs are alternative methods reported in the literature and 
used in this study [29, 31]. In this study, among the 36 strains 
of MRSA, five different types of SCCmec type were detected; 
among them, SCCmec type IV (44%) was more common, and 
the type of SCCmec type III, II, I, and V had the frequencies 
of (27.8%) (16.67%) (8.33%) and (2.78%). The spa type t030 
with a frequency of 6 strains had the highest type IV SCC-
mec, but seven strains with spa type t037 associated with 
SCCmec type III were the most frequent isolated types. In 
addition, new Spa types of t15471 and t15474 were related to 
the IV SCCmec type, and new spa type of t17470 was associ-
ated with SCCmec type II, and V SCCmec type strains be-
longed to the t078 spa type. In similar studies in Iran, ST239 
with 82% and China with 97% as ST type were the most 
common that were associated with the SCCmec type III and 
in our study found with 19.44% (7.36) in type III was found 
that the most common ST and SCCmec type of hospital was 
reported [32, 33]. One study showed 90% of HA-MRSA in 
Asia with 239 matched ST [34]. Data shows that in Asian 
countries, a possible spread of ST30 is expected between dif-
ferent countries [35]. The study also proved that these clones 
(Table 5). However, as expected, ST8 (USA300) is the most 
common CA-MRSA clone colon or ST80 clone in the United 
States of America and Europe; as expected, so far not been 
seen in any Asian country nor found in our study. Although a 
small number of infections with ST8 CA-MRSA have recent-
ly been reported in Japan [36], South Korea [37] or ST80 
infection with CA-MRSA has been reported in Singapore 
[38] and Malaysia [39], indeed, the clone ST8 and ST80 
MRSA in Asian countries are rare [35]. Similar to our study, 
Kinnevey et al. report resistant to methicillin between 2000 
and 2012 from patients in different hospitals. They showed 
that t190 had a frequency of (17.4%) t878 with (7.6%), and 
t032, which had a frequency of (5.4%). Genetic exchange 
between different strains of MRSA may lead to the emer-
gence of resistant strains with new features that, according to 
the results obtained, more control over clones resistant to 
MRSA strains and existing reservoirs should be considered 
[40]. In a similar study, Spa types t030, and t037, with 22.2% 
and 33.3%, respectively, show higher frequencies than our 
results [41]. Similar to type t030 in our study was reported in 
other studies in China [42] and Iran in 2014. A similar study 
in 2014 showed that type 701t was isolated from Western 
country samples that probably represent the frequency of this 
type in the West [28, 43]. Www.spaserver.redom.de, types 
including t003, t032, t002, t008, and t011 were introduced as 
five spa types among almost 10000 types, while these spa 
types were not observed in the results obtained in the present 
study. In our study, the most typed isolated samples were 
ST239-spa t037- SCCmec III ST239-spa t037-SCCmec III. 
For the first time in 2009 was reported by 83.3% of Malaysia 
[44]. In a study on a sample in 2005-2010 in China, ST239-
spa t037-SCCmec III MRSA was the most identified clone 

[45, 46]. According to these results, this could be a typical 
clone in Asian hospitals. A similar study in Denmark indi-
cates that 84% of the strains were isolated to the colon ST80-
IV. An increase in MRSA clones in such communities as 
Denmark needed more control, especially in conjunction with 
hospital staff at risk of infection, because if they are not con-
trolled, it can threaten the general population's health [47]. In 
another study, Hoon Sung et al. studied the prevalence of S. 
aureus resistance to methicillin in communities and hospitals 
in eight Asian countries. The results showed that 4117 sam-
ples were isolated from patients, of which 1463 were related 
to infections. The number of strains isolated from people in 
2162 (52.5%) was included. Of 25.5% of methicillin-resistant 
strains isolated from society, 67.4% were distributed among 
isolates from hospitals.  
 The most common clones isolated in communities and 
hospitals included ST59, ST30, and ST72. The findings 
show the different clones of MRSA between communities 
and hospitals35. Based on the MLST results obtained in the 
study, among the MRSA strains, 11 different typing se-
quences were found ST239 (27.8%) and ST22 (19.44%) and 
ST6 and ST30 each were identified with (11.11%) the high-
est type sequence. T037 was associated with ST239 and 
t030 with the ST239, ST291, and ST246 types, t701 with 
ST6, and three new types of t 15471, t 15474, and t 17470 
with ST22. In similar studies in Iran and China, ST239 was 
82% and 97%, respectively, as the most common ST associ-
ated with SCC mec type III. In the present study, ST239 
with 19.44% (36.6) had the highest association with SCC 
mec type III, which was reported as the most commonly 
reported hospital-type sequence [32, 33]. In a study, 90% of 
hospital-acquired infections in Asia were consistent with ST 
239 [34]. Sequences Type 22 were isolated from staff and 
surfaces, with the 22 and 859 sequence sequences reported 
in the same study in Iran in 2013. Like Kinnevey PM, ST22 
is endemic in the Irish region[48, 49]. In a study, 90% of 
hospital-related infections in Asia were consistent with ST 
239 [34]. Type 22 sequences were distinguished from staff 
strain and levels, with the 22 and 859 sequences reported in 
the same study in Iran in 2013. In the Irish region, ST22 is 
endemic, and in our study, consistent with Kinnevey PM, 
this type sequence was also isolated [48, 49]. 

CONCLUSION 
 According to the results obtained in this study, resistant 
clones in hospital units could penetrate other sectors and 
their people. According to the results obtained in this study, 
resistant clones in hospital units could penetrate other sec-
tors and their people. Staff in different units can transfer the 
clones into the other units and individuals and underlie the 
frequency of nosocomial infections and more severe infec-
tion epidemics in society. Therefore, some measures must 
be adopted to control the movement of personnel to differ-
ent units in command to prevent the spread of resistant 
clones to the other units and individuals in the community. 

LIST OF ABBREVIATIONS  
MIC = Minimum Inhibitory Concentration  
MLST = Multilocus Sequence Typing  
MRSA = Methicillin-Resistant S. aureus 
PCR = Polymerase Chain Reaction 



Infectious Disorders - Drug Targets, 2023, Vol. 23, No. 1 e280922209259 Ghanbari et al. 

50 

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 
 The current research project with code; 931022/47 has 
been approved by Ilam University of Medical Sciences as a 
student dissertation and this university has provided re-
search support.  

HUMAN AND ANIMAL RIGHTS 
 No animals were used in this research.  All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
and/or research committee and with the 1975 Declaration of 
Helsinki, as revised in 2013. 

CONSENT FOR PUBLICATION 
 Informed consent was obtained from all participants. A 
sampling of hospital staff was done with informed consent 
and under the supervision of Ilam University of Medical 
Sciences (ethics committee code 931022/47). 

AVAILABILITY OF DATA AND MATERIALS 
 The data and supportive information are available within 
the article. 

FUNDING 
 The Ilam University of Medical Sciences supported this 
study as a student thesis with code 931022. 

CONFLICT OF INTEREST 
 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 
 Thanks to the medical microbiology laboratory person-
nel and Mostafa Khomeini Hospital University of Medical 
Sciences, who have helped us do this project. 

REFERENCES 
[1] Hamilton SM, Alexander JAN, Choo EJ, et al. High-level resistance of 

Staphylococcus aureus to β-lactam antibiotics mediated by Penicillin-
Binding Protein 4 (PBP4). Antimicrob Agents Chemother 2017; 61(6): 
e02727-16. 
http://dx.doi.org/10.1128/AAC.02727-16 PMID: 28373193 

[2] Chambers HF, DeLeo FR. Waves of resistance: Staphylococcus aureus 
in the antibiotic era. Nat Rev Microbiol 2009; 7(9): 629-41. 
http://dx.doi.org/10.1038/nrmicro2200 PMID: 19680247 

[3] Wang JT, Chen YC, Yang TL, Chang SC. Molecular epidemiology and 
antimicrobial susceptibility of methicillin-resistant Staphylococcus au-
reus in Taiwan. Diagn Microbiol Infect Dis 2002; 42(3): 199-203. 
http://dx.doi.org/10.1016/S0732-8893(01)00351-0 PMID: 11929692 

[4] Aires de Sousa M, Crisóstomo MI, Santos Sanches I, et al. Frequent 
recovery of a single clonal type of multidrug-resistant Staphylococcus 
aureus from patients in two hospitals in Taiwan and China. J Clin Mi-
crobiol 2003; 41(1): 159-63. 
http://dx.doi.org/10.1128/JCM.41.1.159-163.2003 PMID: 12517842 

[5] Rahbar M, Yaghoobi M, Fattahi A. Comparison of different laboratory 
methods for detection of methicillin resistant Staphylococcus aureus. 
Pak J Med Sci 2006; 22: 442-5. 

[6] Sabath LD, Wallace SJ. The problems of drug-resistant pathogenic 
bacteria. Factors influencing methicillin resistance in Staphylococci. 
Ann N Y Acad Sci 1971; 182(1 The Problems): 258-66. 
http://dx.doi.org/10.1111/j.1749-6632.1971.tb30662.x PMID: 5285290 

[7] Hartman BJ, Tomasz A. Low-affinity penicillin-binding protein associ-
ated with beta-lactam resistance in Staphylococcus aureus. J Bacteriol 
1984; 158(2): 513-6. 

http://dx.doi.org/10.1128/jb.158.2.513-516.1984 PMID: 6563036 
[8] Ito T, Katayama Y, Hiramatsu K. Cloning and nucleotide sequence 

determination of the entire mec DNA of pre-methicillin-resistant Staph-
ylococcus aureus N315. Antimicrob Agents Chemother 1999; 43(6): 
1449-58. 
http://dx.doi.org/10.1128/AAC.43.6.1449 PMID: 10348769 

[9] Chang FY, MacDonald BB, Peacock JE Jr, et al. A prospective multi-
center study of Staphylococcus aureus bacteremia: incidence of endo-
carditis, risk factors for mortality, and clinical impact of methicillin re-
sistance. Medicine (Baltimore) 2003; 82(5): 322-32. 
http://dx.doi.org/10.1097/01.md.0000091185.93122.40 PMID: 
14530781 

[10] Llarrull LI, Fisher JF, Mobashery S. Molecular basis and phenotype of 
methicillin resistance in Staphylococcus aureus and insights into new β-
lactams that meet the challenge. Antimicrob Agents Chemother 2009; 
53(10): 4051-63. 
http://dx.doi.org/10.1128/AAC.00084-09 PMID: 19470504 

[11] Pozzi C, Waters EM, Rudkin JK, et al. Methicillin resistance alters the 
biofilm phenotype and attenuates virulence in Staphylococcus aureus 
device-associated infections. PLoS Pathog 2012; 8(4): e1002626. 
http://dx.doi.org/10.1371/journal.ppat.1002626 PMID: 22496652 

[12] Rudkin JK, Laabei M, Edwards AM, et al. Oxacillin alters the toxin 
expression profile of community-associated methicillin-resistant Staph-
ylococcus aureus. Antimicrob Agents Chemother 2014; 58(2): 1100-7. 
http://dx.doi.org/10.1128/AAC.01618-13 PMID: 24295979 

[13] de Lencastre H, Oliveira D, Tomasz A. Antibiotic resistant Staphylo-
coccus aureus: a paradigm of adaptive power. Curr Opin Microbiol 
2007; 10(5): 428-35. 
http://dx.doi.org/10.1016/j.mib.2007.08.003 PMID: 17921044 

[14] Oliveira DC, Lencastre H. Multiplex PCR strategy for rapid identifica-
tion of structural types and variants of the mec element in methicillin-
resistant Staphylococcus aureus. Antimicrob Agents Chemother 2002; 
46(7): 2155-61. 
http://dx.doi.org/10.1128/AAC.46.7.2155-2161.2002 PMID: 12069968 

[15] Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel multiplex 
PCR assay for characterization and concomitant subtyping of staphylo-
coccal cassette chromosome mec types I to V in methicillin-resistant 
Staphylococcus aureus. J Clin Microbiol 2005; 43(10): 5026-33. 
http://dx.doi.org/10.1128/JCM.43.10.5026-5033.2005 PMID: 
16207957 

[16] Chongtrakool P, Ito T, Ma XX, et al. Staphylococcal cassette chromo-
some mec (SCCmec) typing of methicillin-resistant Staphylococcus au-
reus strains isolated in 11 Asian countries: a proposal for a new nomen-
clature for SCCmec elements. Antimicrob Agents Chemother 2006; 
50(3): 1001-12. 
http://dx.doi.org/10.1128/AAC.50.3.1001-1012.2006 PMID: 16495263 

[17] Oie S, Suenaga S, Sawa A, Kamiya A. Association between isolation 
sites of methicillin-resistant Staphylococcus aureus (MRSA) in patients 
with MRSA-positive body sites and MRSA contamination in their sur-
rounding environmental surfaces. Jpn J Infect Dis 2007; 60(6): 367-9. 
PMID: 18032836 

[18] Hoseinzadeh E, Samarghandie MR, Ghiasian SA, Alikhani MY, 
Roshanaie G. Evaluation of bioaerosols in five educational hospitals 
wards air in Hamedan, During 2011-2012. Jundishapur J Microbiol 
2013; 6(6): 6. 
http://dx.doi.org/10.5812/jjm.10704 

[19] Choobineh A, Rostami R, Tabatabaei SH. Assessment of bioaerosols 
types and concentration in ambient air of Shiraz University of Medical 
Sciences Educational Hospitals, 2008. Iran Occupat Health 2009; 6(2).  

[20] Okhuoya J, Okaraedge S. Microflora of road side air and leaf surfaces 
of selected vegetables. Nigerian J Pure Appl Am Sci 1992; 12: 42-8. 

[21] CLSI. Methods for dilution antimicrobial susceptibility tests for bacteria 
that grow aerobically. 11th ed. CLSI standard M07. Wayne, PA: Clini-
cal and Laboratory Standards Institute; 2018. Available from: 
https://clsi.org/media/1928/m07ed11_sample.pdf 

[22] Kateete DP, Namazzi S, Okee M, et al. High prevalence of methicillin 
resistant Staphylococcus aureus in the surgical units of Mulago hospital 
in Kampala, Uganda. BMC Res Notes 2011; 4(1): 326. 
http://dx.doi.org/10.1186/1756-0500-4-326 PMID: 21899769 

[23] Okuma K, Iwakawa K, Turnidge JD, et al. Dissemination of new 
methicillin-resistant Staphylococcus aureus clones in the community. J 
Clin Microbiol 2002; 40(11): 4289-94. 
http://dx.doi.org/10.1128/JCM.40.11.4289-4294.2002 PMID: 
12409412 



Molecular Epidemiology and Recycling of Staphylococcus aureus e280922209259 Infectious Disorders - Drug Targets, 2023, Vol. 23, No. 1 

51 

[24] Khalili MB, Sharifi-Yazdi MK, Dargahi H, Sadeghian HA. Nasal colo-
nization rate of Staphylococcus aureus strains among health care ser-
vice employee’s of teaching university hospitals in Yazd. 2009. 

[25] Dumford DM III, Nerandzic MM, Eckstein BC, Donskey CJ. What is 
on that keyboard? Detecting hidden environmental reservoirs of Clos-
tridium difficile during an outbreak associated with North American 
pulsed-field gel electrophoresis type 1 strains. Am J Infect Control 
2009; 37(1): 15-9. 
http://dx.doi.org/10.1016/j.ajic.2008.07.009 PMID: 19171247 

[26] Hill RLR, Duckworth GJ, Casewell MW. Elimination of nasal carriage 
of methicillin-resistant Staphylococcus aureus with mupirocin during a 
hospital outbreak. J Antimicrob Chemother 1988; 22(3): 377-84. 
http://dx.doi.org/10.1093/jac/22.3.377 PMID: 3141347 

[27] Azimian A, Havaei SA, Fazeli H, et al. Genetic characterization of a 
vancomycin-resistant Staphylococcus aureus isolate from the respirato-
ry tract of a patient in a university hospital in northeastern Iran. J Clin 
Microbiol 2012; 50(11): 3581-5. 
http://dx.doi.org/10.1128/JCM.01727-12 PMID: 22933598 

[28] Mohammadi S, Sekawi Z, Monjezi A, et al. Emergence of SCCmec 
type III with variable antimicrobial resistance profiles and spa types 
among methicillin-resistant Staphylococcus aureus isolated from 
healthcare- and community-acquired infections in the west of Iran. Int J 
Infect Dis 2014; 25: 152-8. 
http://dx.doi.org/10.1016/j.ijid.2014.02.018 PMID: 24909489 

[29] Felten A, Grandry B, Lagrange PH, Casin I. Evaluation of three tech-
niques for detection of low-level methicillin-resistant Staphylococcus 
aureus (MRSA): A disk diffusion method with cefoxitin and moxalac-
tam, the Vitek 2 system, and the MRSA-screen latex agglutination test. 
J Clin Microbiol 2002; 40(8): 2766-71. 
http://dx.doi.org/10.1128/JCM.40.8.2766-2771.2002 PMID: 12149327 

[30] Kampf G, Adena S, Rüden H, Weist K. Inducibility and potential role 
of MecA-gene-positive oxacillin-susceptible Staphylococcus aureus 
from colonized healthcare workers as a source for nosocomial infec-
tions. J Hosp Infect 2003; 54(2): 124-9. 
http://dx.doi.org/10.1016/S0195-6701(03)00119-1 PMID: 12818586 

[31] Nikbakht M, Nahaei M, Akhi M, Asgharzadeh M, Nikvash S. Nasal 
carriage rate of Staphylococcus aureus in hospital personnel and inpa-
tients and antibiotic resistance pattern of isolated strains from nasal and 
clinical specimens in tabriz. 2007. 

[32] Shahsavan S, Jabalameli L, Maleknejad P, et al. Molecular analysis and 
antimicrobial susceptibility of methicillin resistant Staphylococcus au-
reus in one of the hospitals of Tehran University of Medical Sciences: 
High prevalence of sequence type 239 (ST239) clone. Acta Microbiol 
Immunol Hung 2011; 58(1): 31-9. 
http://dx.doi.org/10.1556/amicr.58.2011.1.4 PMID: 21450553 

[33] Xu BL, Zhang G, Ye HF, et al. Predominance of the Hungarian clone 
(ST 239-III) among hospital-acquired meticillin-resistant Staphylococ-
cus aureus isolates recovered throughout mainland China. J Hosp Infect 
2009; 71(3): 245-55. 
http://dx.doi.org/10.1016/j.jhin.2008.10.029 PMID: 19157644 

[34] Feil EJ, Nickerson EK, Chantratita N, et al. Rapid detection of the pan-
demic methicillin-resistant Staphylococcus aureus clone ST 239, a 
dominant strain in Asian hospitals. J Clin Microbiol 2008; 46(4): 1520-
2. 
http://dx.doi.org/10.1128/JCM.02238-07 PMID: 18234867 

[35] Song JH, Hsueh PR, Chung DR, et al. Spread of methicillin-resistant 
Staphylococcus aureus between the community and the hospitals in 
Asian countries: an ANSORP study. J Antimicrob Chemother 2011; 
66(5): 1061-9. 
http://dx.doi.org/10.1093/jac/dkr024 PMID: 21393157 

[36] Shibuya Y, Hara M, Higuchi W, Takano T, Iwao Y, Yamamoto T. 
Emergence of the community-acquired methicillin-resistant Staphylo-
coccus aureus USA300 clone in Japan. J Infect Chemother 2008; 14(6): 
439-41. 

http://dx.doi.org/10.1007/s10156-008-0640-1 PMID: 19089559 
[37] Park C, Lee D-G, Choi S-M, et al. A case of perianal abscess due to 

Panton-Valentine leukocidin positive community-associated methicil-
lin-resistant Staphylococcus aureus: report in Korea and literature re-
view from the Far East. Infect and Chemo 2008; 40: 121-6. 

[38] Hsu LY, Tristan A, Koh TH, et al. Community associated methicillin-
resistant Staphylococcus aureus, Singapore. Emerg Infect Dis 2005; 
11(2): 341-2. 
http://dx.doi.org/10.3201/eid1102.040782 PMID: 15759335 

[39] Ahmad N, Ruzan IN, Abd Ghani MK, et al. Characteristics of commu-
nity- and hospital-acquired meticillin-resistant Staphylococcus aureus 
strains carrying SCCmec type IV isolated in Malaysia. J Med Microbiol 
2009; 58(9): 1213-8. 
http://dx.doi.org/10.1099/jmm.0.011353-0 PMID: 19528158 

[40] Kinnevey PM, Shore AC, Brennan GI, et al. Extensive genetic diversity 
identified among sporadic methicillin-resistant Staphylococcus aureus 
isolates recovered in Irish hospitals between 2000 and 2012. Antimi-
crob Agents Chemother 2014; 58(4): 1907-17. 
http://dx.doi.org/10.1128/AAC.02653-13 PMID: 24395241 

[41] Goudarzi M, Fazeli M, Goudarzi H, Azad M, Seyedjavadi SS. Spa 
typing of Staphylococcus aureus strains isolated from clinical speci-
mens of patients with nosocomial infections in Tehran, Iran. Jundisha-
pur J Microbiol 2016; 9(7): e35685. 
http://dx.doi.org/10.5812/jjm.35685 PMID: 27679706 

[42] Liu Y, Wang H, Du N, et al. Molecular evidence for spread of two 
major methicillin-resistant Staphylococcus aureus clones with a unique 
geographic distribution in Chinese hospitals. Antimicrob Agents 
Chemother 2009; 53(2): 512-8. 
http://dx.doi.org/10.1128/AAC.00804-08 PMID: 19029328 

[43] Mirzaii M, Emaneini M, Jabalameli F, Halimi S, Taherikalani M. Mo-
lecular investigation of Staphylococcus aureus isolated from the pa-
tients, personnel, air and environment of an ICU in a hospital in Tehran. 
J Infect Public Health 2015; 8(2): 202-6. 
http://dx.doi.org/10.1016/j.jiph.2014.09.002 PMID: 25458916 

[44] Neela V, Ghasemzadeh Moghaddam H, van Belkum A, Horst-Kreft D, 
Mariana NS, Ghaznavi Rad E. First report on methicillin-resistant 
Staphylococcus aureus of Spa type T037, Sequence type 239, SCCmec 
type III/IIIA in Malaysia. Eur J Clin Microbiol Infect Dis 2010; 29(1): 
115-7. 
http://dx.doi.org/10.1007/s10096-009-0813-6 PMID: 19779745 

[45] Song Y, Du X, Li T, Zhu Y, Li M. Phenotypic and molecular character-
ization of Staphylococcus aureus recovered from different clinical spec-
imens of inpatients at a teaching hospital in Shanghai between 2005 and 
2010. J Med Microbiol 2013; 62(2): 274-82. 
http://dx.doi.org/10.1099/jmm.0.050971-0 PMID: 23118474 

[46] Shang W, Hu Q, Yuan W, et al. Comparative fitness and determinants 
for the characteristic drug resistance of ST239-MRSA-III-t030 and 
ST239-MRSA-III-t037 strains isolated in China. Microb Drug Resist 
2016; 22(3): 185-92. 
http://dx.doi.org/10.1089/mdr.2015.0226 PMID: 26565599 

[47] Faria NA, Oliveira DC, Westh H, et al. Epidemiology of emerging 
methicillin-resistant Staphylococcus aureus (MRSA) in Denmark: a na-
tionwide study in a country with low prevalence of MRSA infection. J 
Clin Microbiol 2005; 43(4): 1836-42. 
http://dx.doi.org/10.1128/JCM.43.4.1836-1842.2005 PMID: 15815005 

[48] Japoni-Nejad A, Rezazadeh M, Kazemian H, Fardmousavi N, van 
Belkum A, Ghaznavi-Rad E. Molecular characterization of the first 
community-acquired methicillin-resistant Staphylococcus aureus strains 
from Central Iran. Int J Infect Dis 2013; 17(11): e949-54. 
http://dx.doi.org/10.1016/j.ijid.2013.03.023 PMID: 23706379 

[49] Kinnevey PM, Shore AC, Mac Aogáin M, et al. Enhanced tracking of 
the nosocomial transmission of endemic ST22-MRSA-IV among pa-
tients and environmental sites using whole-genome sequencing. J Clin 
Microbiol 2016; 54(2): 445-8. 

 


	Molecular Epidemiology and Recycling of Staphylococcus aureus Resistantto Methicillin Among the Staff, Patients, and Surfaces in University Hospitalin West Iran, Ilam
	Abstract: Background
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	4. DISCUSSION
	Table 5.
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TOPARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



